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Abstract 
Measurement method of compressive or tensile forces during glass imptrint was developed by improving a lens mold 
press machine. Deformation and demolding behaviors could be quantified under the pressing using a glassy carbon and a 
tungsten carbide mold. After the pressing of a glass at slightly above the deformation temperature followed by the cooling 
of the glass and mold under applying a small tensile force, an abrupt demolding was observed below the glass transition 
temperature, which was affected by the pressing temperature and the glass compositions. This measurement method 
should be useful for the characterization of deformation and demolding behaviors of wide variety of glasses not only for 
optical lens but also for nanostructured optical components. 
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1. Introduction 
Glass-molding is widely used for the production of non-spherical or free surface lenses [1]. A rheological 
analysis of viscoelastic behavior of glass during the molding process was reported using a finite element 
method [2, 3]. An inhomogeneity and stress remaining in the molded glass components can be speculated to a 
certain degree. However the expectation of demolding force after the pressing is rather difficult because the 
physical and chemical interactions between glass and mold cannot be estimated using such calculation method.  
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Recently the glass-molding process was extended to the fabrication of optical components with periodic 
structures, such as grating, antireflection structure, etc. [4-7], which can be called as glass-imprint process so 
as to discriminate it from the glass molding process. One of the critical issues for the achievement of an ideal 
glass-imprint is to define the demolding behavior of a glass from a mold in order to inhibit their fatal damages 
caused by the chemical or physical adhesions. 
This study focused on the development of a set up for the in situ measurement of demolding force between 
a mold and a glass. A highly sensitive load cell and a high-speed data transfer to a process-control computer 
permitted the quantitative analysis of demolding behavior between several glasses and molds.    
2. Experimental 
Set up used for the measurement of demolding behavior is shown in figure 1, which was specially designed 
for this study based on a glass molding machine. The pressure was applied by a servomotor installed on the 
upper axis. An optically polished glass specimen with a surface area of 10 10 mm and 2 mm thickness was 
placed in a box-shaped pit slightly larger than the specimen on the surface of lower tungsten carbide (WC) 
mold. The depth of the pit is 1 mm, consequently the top surface of glass is higher than the level of mold 
surface by 1 mm. A flat surface mold of 25 25 2 mm, on the other hand, was fixed to the upper pressing 
axis by a WC holder. The heating process 
proceeded in a nitrogen atmosphere in order to 
inhibit the surface oxidation of molds. Due to the 
larger thermal expansion coefficient of the glass 
than that of the WC, the glass specimen was 
tightly supported by the pit during the pressing 
process at around the deformation temperature of 
the glass. Therefore, a real time monitor of the 
forces not only for deformation force but also for 
demolding could be achieved by the load cell 
located below the lower axis. Limit of detection 
by the machine for positive and negative force are 
500 and 100 N/cm2, respectively. The 
temperatures of upper and lower molds were 
monitored using the thermocouples, which were 
inserted in each mold. The data transfer rate from 
the load cell to the storage was 100 points /sec.  
3. Results and discussion 
At the first stage, we used an optically 
polished glassy carbon (GC) for the upper mold 
to estimate demolding force. Figure 2 shows a 
measured relationship between the process time 
and the change in force detected by the load cell 
for the L-BAL42 [8], which is a borate glass 
developed by Ohara Inc. for the camera lens. The 
glass transition (Tg) and deformation (At) 
temperatures of this glass are 506 and 538ºC, 
 
Fig. 1 Set up used for the measurement of demolding behavior 
of glass. 
 
Fig. 2 Relationship between process time and change in force 
detected by load cell for a borate glass (L-BAL42). 
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respectively. The deviation of the pressing axis was also monitored simultaneously. After the preheating at 
570ºC for 300 sec, the glass was pressed at 200 N/cm2 for 300 sec, and then cooled at a rate of 2 ºC/sec. 
Coinstantaneously, a negative force of 50 N/cm2 was applied for demolding of the glass instead of the 
pressurising force. There was no noticeable difference in temperature between the glass specimen during 
pressing and cooling, the GC mold and the WC holders, because of the large heat capacity of the WC. During 
the cooling, a further negative force was induced depending on the thermal contraction of two axes, which can 
be recognized in fig. 2. A gradual increase in negative force appeared in the time region between 350 and 380 
sec. Finally, an instantaneous release of the negative force was observed at 498ºC, which was determined as 
demoling point . Also we defined the force at negative peak top as demolding force . It can be recognized 
that the demolding occurred below the Tg. Therefore, a considerable stress should be remained in the glass 
because there is a large difference in thermal expansion coefficients between the glass and the GC. 
Furthermore, no trace of chemical reaction was confirmed on the surfaces of the glass and the GC in all of our 
experiments, which means the demolding force attributable only to the physical adhesion between them.  
The demolding forces were measured by changing the pressing temperature for L-BAL42. Same 
measurement was carried out for K-PSK200 [9], which is commercialized product from Sumita Optical Glass, 
Inc. as a low softening glass for lens molding. The Tg and At of K-PSK200 are 386 and 412ºC, respectively. 
Figure 3 shows the demolding forces and the deformation amounts, which means the decrease in the thickness, 
for L-BAL42 and K-PSK200 against the pressing temperature. As recognized in fig. 3(a), the domolding force 
appeared at the pressing temperatures above 420 and 565 ºC for K-PSK200 and L-BAL42, respectively, 
which were increased steeply with the pressing temperature. Therefore, the temperature regulation during the 
lens molding or nanostructure imprinting is crucially important. There was a clear difference in the 
deformation amounts for these glasses (see fig. 3(b)). As can be preliminarily predicted, the deformation of L-
BAL42 was much smaller than that of K-PSK200, because the inclination of viscosity against temperature of 
the former is much glacis compared with that of the latter [8, 9]. Consequently, a large deformation of L-
BAL42 requires a long pressing time at high temperature, which may increase the demolding force compared 
with that for K-PSK200.  
Whereas the excellent chemical durability of the GC mold needs no release film coating, its low 
mechanical strength limited the practical use for the glass molding. On the other hand, the WC is usually 
employed for the mass production mold, but a release film coating is essential for the damage less demolding. 
Then we measured the demolding behavior for L-BAL42 using the WC molds coated with a diamond like 
carbon or a noble metal. As shown in figure 4, the demolding points using these molds were rather lower than 
 
Fig. 3 Variations of (a) demolding forces and (b) deformation amounts for L-BAL42 against the pressing temperature. 
112   H. Ikeda et al. /  Physics Procedia  48 ( 2013 )  109 – 112 
that for non-coated GC mold. Similar tendency was observed for K-PSK200. It was remarkable that the glass-
molding becomes even more difficult by use of the WC mold with release films, especially with the diamond 
like carbon film. Further investigation on the demolding behaviors under different cooling rate, mold surface 
roughness, mold toughness, etc. should also provide the beneficial information to attain a damage free 
precision molding and imprinting.  
4. Conclusion 
The demolding characteristics of glasses from 
molds were investigated using an originally 
modified mold press machine. The demolding 
points and forces were quantitatively estimated 
depending on the glass composition and the mold 
materials including the release films coated on 
their surfaces. The demolding points measured in 
this study were located below the Tg. Even though 
the low mechanical strength, the GC is an 
excellent mold material because the demolding 
point was rather higher than that of the WC mold 
coated with the release thin films. Our 
measurement method should be useful for the 
characterization of deformation and demolding 
behaviors of wide variety of glasses not only for 
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Fig. 4 Demolding force for L-BAL42 using WC molds coated 
with (a) diamond like carbon, (b) noble metal, (c) non-coated 
GC. 
 
